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Strenuous exercise simulating hepatic
injury during vaccine trials

F.J. Malinoski

Three healthy young men participating in phase I clinical vaccine trials had unexplained
increases in their serum transaminase levels. Retrospective analysis indicated that these
volunteers had participated in strenuous physical training 2-5 days prior to the noted (A)
elevations. The pattern of serum enzyme elevations, initially thought to be consistent with _ A
hepatic injury, were associated with parallel increases in creatine phosphokinase. One _..

individual consented to repeat his exercise regimen. This was followed by a recurrence of W
the same pattern of increases in serum enzymes, including creatine phosphokinase. Thus,
in trials where serum enzymes will be measured, it may be prudent to encourage subjects (D
to refrain from increasing their activity above that which they normally perform.
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INTRODUCTION required of such active-duty soldiers was not critical.
Soldiers were expected to pass physical training standardsSerum enzyme abnormalities that occur after muscle (including height, weight, sit-ups, push-ups and a 2 mile

injury have been described repeatedly in studies con run) twice a year, but were not involved in scheduled
cerned with pigmenturia and acute renal damage training between tests.

associated with exercise1 -3 . For exercises as brief as Prior toeent i n s , t
6 mi, srumcretin phsphoinae (K) an ise Prior to enrolment in clinical studies, volunteers

6 min, serum creatine phosphokinase (CK) can rise underwent complete history, physical examination andsignificantly in the untrained individual, whereas trained laboratory screening, including measurement of serum

individuals have lesser increases 4 . Physical exertion at a chemistry parameters. Enzyme measurements were in-

level associated with military training can result in a cluded in a liver profile as a standard part of that

syndrome known as acute exertional rhabdomyolysis, in creenin a ser creatie as C levels

which significant elevations of serum lactate dehydro- screening, whereas serum creatine kinase (CK) levels

genase (LDH), aspartate aminotransferase (AST, SGOT) Typically, volunteers were part of either out-patient or

and CK accompany elevations in serum myoglobin5 . Tn-pally, stees wed o f ther ant or

In recent phase 1 clinical studies, we had cause to in-patient studies, based on the degree and type of

examine the serum enzyme changes characteristic of acute monitoring required. For in-patient trials, subjects were
examine thsru ha ngemyoli s c T hare erindividualspartici- admitted to a closed clinical research ward for 3 daysexertional rhabdomyolysis. Three individuals periced before administration of the trial vaccine or product. This
pating in three distinct vaccine trials experienced period allowed for the expression of incubating acute

transient serum enzyme abnormalities. This report upper-respiratory illnesses. During the following 1-2
describes the circumstances associated with those ele- upe-sirtyilnss.Digthfoowg12
describes thdexplainsthose circumst ances bs associated wweeks, volunteers were confined to the clinical research

rations and explains those changes based on associated ward where they were closely monitored. During that
laboratory abnormalities most consistent with acute time the volunteers were allowed to participate in minor
exertionai rhabdomyolysis. sports such as table tennis and billiards or exercise in a

complete fitness room, which included free weights,
MATERIALS AND METHODS resistance weight machines, a rowing machine, and a
Volunteers stationary bicyle. Subjects participating in out-patient

studies were seen periodically for evaluation and forVolunteers participating in clinical studies of live, blood sampling, depending on the nature of the study.

attenuated-virus vaccine candidates for chikungunya and

dengue fever and one inactivated-virt, vaccine candidate
for hepatitis A were among the active-duty soldiers Clinical laboratory assays
stationed at Fort Detrick, Frederick, MD. Duty assign- Serum samples were analysed in a College of American
ments were in laboratory settings where physical exertion Pathology-approved clinical laboratory, USAMRIID,
was not required and physical training beyond that using an Abbott Spectrum Chemistry Analyzer (Abbott

Laboratories, Irving, TX ) with reagents, rinsing solutions
Virology Division, US Army Medical Research Institute of and standards manufactured by Abbott Laboratories.
Infectious Diseases, Fort Detrick, Frederick, MD, 21702-5011, Expected normal ranges for assays were as follows:
USA. (Received 15 April 1991; revised15 June1991; accepted alkaline phosphatase (AP) 36-92 IU l-'; aspartate
19 August 1991) aminotransferase (AST, SGOT) 16-40 IU I`, alanine
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CK and GGT levels were determined on available serum
7000 - a samples. Serum GGT levels were normal. However, as

seen in Figure ]a, CK levels were markedly elevated on
6000 - day 4 of the study and returned to baseline by day 12.

Began This rise and fall of CK paralleled the changes in AST
exercise

5 and ALT seen in this subject (Figure Jb). Of interest is
that, although LDH levels did not rise significantly

4000 above normal, there was a slight increase in LDH on
_> day 4.
v 3000
U Case no. 2

2000 This subject was a healthy 20-year-old Hispanic male
who participated in a live, attenuated dengue 4 virus

1000 vaccine in-patient trial in which he failed to respond
serologically to the vaccine; he reported no symptoms0Upper norma during the trial. This subject received a single dose of

-10 4 7 12 38 vaccine subcutaneously on day 0. Physical findings
350 during the trial were unremarkable. Laboratory studies

b on day 4 of the trial showed notable elevations in AST
and LDH with slightly elevated ALT and normal300-Began bilirubin and AP.

250- exerc-ise kUpon questioning, this subject related that he had
begun weight training beyond his usual level of activity

p on day -2 of the vaccine trial. He terminated this activity
r 200 -. A ",, UppernormalLDH on day 5. Based on these findings, CK and GGT levels

were determined on available serum samples. Serum
) 150 / GGT levels were measured for day 0, 1 and 5 and were

normal. However, as seen in Figure 2a, CK levels were
c 1markedly elevated on day 5 of the study and returned

to baseline by day 12. We did not have serum samples
Upper normal to determine the CK levels between day I and day 5;

50 ALT/AST . thus a full temporal description of the relationship
between the CK elevation and changes in AST and LDH

012 3 seen in this subject (Figure 2b) could not be determined.

Day of study Case no. 3
This healthy 23-year-old Caucasian male participated

Figure 1 Serum creatine kinase (a) and AST, ALT, and LDH (b) levels in an inactivated hepatitis A virus vaccine out-patient
for case no. 1. Enzyme levels in serum samples from the days indicated trial in which he did not seroconvert to hepatitis A. This
were determined as described in Materials and methods. Solid lines
indicate upper limits of normal laboratory values for LDH, AST and ALT. subject received a single dose of vaccine subcutaneously
Values for AST (-0-), ALT (-*-) and LDH 0 --- ) on day 0 and a second dose on day 30, at the time of
for the days indicated blood sampling. On day 30, examination of the previous

vaccination site was unremarkable and the subject
reported no symptoms. Laboratory studies of serum

aminotransferase (ALT, SGPT) 8-54 IU 1-, lactate drawn on day 30 prior to inoculation showed significant
dehydrogenase (LDH) 109-193 IU I-', total bilirubin elevations in AST with normal bilirubin, ALT, AP and
0.4-1.1 mg/dl- 1, gamma glutamyl transferase (GGT) LDH levels.
11-63 IU I-` and creatine kinase (CK) 45-235 IU I-. Upon questioning, this subject related that he had

increased his physical training regimen significantly

RESULTS during the week prior to the blood drawing and
administration of the second dose of vaccine. He denied

Case no. I the use of alcoholic beverages. The subject related that
This subject was a healthy 33-year-old Caucasian male he had diffuse myalgia, which he attributed to the

who participated in a live, attenuated chikungunya virus increased activity, and had terminated his activity
vaccine in-patient trial in which he responded sero- because of the myalgia. Based on these findings, CK and
logically to the vaccine; his only symptoms were myalgia. GGT levels were determined on available serum samples.
This subject received a single dose of vaccine sub- Serum GGT levels were normal. However, as seen in
cutaneously on day 0. Physical examinations during the Figure 3a, CK levels were markedly elevated on days 30
trial were unremarkable. Serum samples for day 4 of the through 34 of the study and returned to baseline by day
trial showed notable elevations in AST and ALT with 36. This rise and fall of CK paralleled the changes in
normal bilirubin, AP and LDH. AST, ALT and LDH seen in this subject (Figure 3b). In

Upon questioning, the subject related his myalgia to this case, the peak enzyme levels occurred :z5-7 days
strenuous physical activity which he began on day I of after the subject increased his activity and resolved
the vaccine trial and terminated, at our request, on day t 9- I I days later.
5. The subject was attempting to lose weight for an This subject agreed to resume his increased physical
upcoming physical training test. Based on these findings, training regimen once his enzyme levels returned to
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6000 The subject who received the inactivated vaccine had
a normal blood chemistries 2 weeks after the first

5000 inoculation (data not shown). Athough clinical hepa-
titis following an inactivated hepatitis A vaccine would

4000 - be of particular concern because of the suggestion of
incomplete inactivation, there was no other objective

Began evidence of hepatitis, including hepatitis serology and
3000 exercise stool cultures (not shown). In addition, other preclinical

- and clinical data indicated that it is highly unlikely that
2000 - there was any residual live virus in this vaccine (Sjogren,

personal communication).

1000 After reviewing these cases, a common factor emerged:
Upper these volunteers had been relatively sedentary until 2 to
normal 7 days before the enzyme elevations, at which time they

- 60 1 1had begun a strenuous exercise regimen in preparation for
20 156 00 physical fitness tests. Two of the three had significant

200 1600 myalgia associated with that activity. Taken together,
180 b the data indicate that these volunteers were physically

z" 160 ,, 500 untrained and abruptly began vigorous physical activity.
1U - " The enzyme elevations noted are consistent with the

400 • observations by others in which acute increases (withinT 120-Bea
1 Began xr 15 min) in serum AST, ALT, LDH and aldolase levels

I-I
.• 1O0 30 -- are greatest in untrained individuals after a single exercise

S0S0
LD" "

0 0  
24000

. 100 100 20000

3 -2 0 1 4 5 6 8 9 10 12 14 16 18 200 16000

Day of study Began Began

Figure 2 Serum creatine kinase (a) and AST, ALT, and LDH (b) levels -' 12000 exrsexrce
for case no 2. Enzyme levels in serum samples from the days indicated .5•
were determined as described in Materials and methods. Solid lines ..

indicate upper limits of normal laboratory values for LDH, AST and ALT. 0 8000 I
Values for AST (--0-), ALT (--*-) and LDH (- -- 0-- -)
for the days indicated

4000

normal (day 38). As noted in Figure 3, a pattern of 0 er normal

increased CK, AST and LDH peaked 4 days after he -13 0 14 30 32 33 34 35 36 43 45 47 50 54 64 86

resumed exercise and paralleled the increases seen earlier 700in this same subject. Of interest is that these changes idbc

were not as severe as in the first episode and the subject 600lie
reported less severe myalgia. There was no way to

evaluate quantitatively his level of activity in the twosessions. Thus, it is unclear whether the smaller increase - 500-

in CK levels was a result of conditioning associated with i ea
the first episode or because he did not exercise as -• 400 exercise * Began exercise
strenuously the second time.-,

4' 0

DISCUSSIppN Uorm noma:l

In each of the three cases presented, there was initial LDH , •-
concern that there was subclinical hepatic injury caused '- /.......
by the vaccines. However, there was no clear association 100 • _• r, oml\-
of the elevated AST, ALT and LDH levels with any onen ALT/AST 0
particular aspect of the clinical trials. Of the two -13 0 14 30 32 33 34 35 36 43 45 47 50 54 64 86

volunteers who received live vaccines, only one, asevidenced by seroconversion, was infected with the Day of study

vaccine virus. Neither of the volunteers had a pattern P•w 3 Serum creatine kinase (a) and AST, ALT, and LDH- (b) levels
of symptoms associated with the natural disease for which for case no. 3. Enzyme levels in serum samples from the days indicatedwerewere determined as described in Materials and methods. Solid lines

teindicate upper limits of normal laboratory values for LD, AST and ALT.evidence of infection such as rash, leukopenia or Values for AST ( ----), ALT (- .... -e ) and LDH (---0-- -)
lymphocytosist for the days indicated
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session6 . Notably, the elevations seen in the three cases association of elevations of serum enzyme levels with
presented here were much beyond the acute changes exercise in trained and untrained volunteers are
noted6'-. However, reports show peaks in CK levels in warranted.
unconditioned athletes at 10-20 h after a single episode The management of clinical trials is complex and
of moderate exercise4 , Pt 48 h with eccentric muscle distinguishing between causal relationships and temporal
exercise8 , 3-4 days after recreational exercise9 and up to associations is often difficult. Thus, limiting volunteer
7 days after completion of a marathon race10 . In. our selection and using matched controls, placebo controls
cases, the volunteers were not subject to one single and blinding in prospective trials have proven useful.
exercise period; rather, they exercised on successive days. Nevertheless, there are those occasions for which
Therefore it is not unlikely that the peaks in CK, AST, retrospective analysis provides data useful in explaining
ALT and LDH levels might be several days later unusual observations. In the cases presented here,
and, depending on clearance of the enzymes, might physical activity may have interfered with acquiring
accumulate to higher levels. Indeed, Olerud et al." reliable data concerning the vaccines under study. Thus,
reported that marine recruits who initiated physical in trials where serum enzymes will be measured, it may
exercise during basic training had peaks of serum CPK, be prudent to encourage subjects to refrain from
AST, LDH and myoglobin during the first 6 days of increasing their activity above that which they normally
regular training, perform.

The fact that the pattern of enzyme elevations was
reproduced in the third subject when he repeated his
increased activity supports the contention that the REFERENCES
enzyme elevations were a result of increased physical 1 Howenstine, J.A. Exertion-induced myoglobinuria and hemoglobin-
activity rather than a side-effect of vaccination. Further- uria: simulation of acute glomerulonephritis. J. Am. Med. Assoc.

more, the absence of other indications of hepato- 1960, 173, 493

cellular damage (e.g. normal GGT, birubin) suggests 2 McCully, K.K. Exercise-induced injury to skeletal muscle. Fed. Proc.
1986. 45, 2933

that the abnormalities seen were not the result of hepatic 3 Noakes, T.D. Effect of exercise on serum enzyme activities in
injury. It is also unlikely that the enzyme elevations were humans. Sports Med. 1987, 4, 245

the result of cardiac damage as the pattern of elevations 4 Nuttall, F.O. and Jones, B. Creatine kinase and glutamic oxalacetic

was not consistent with cardiac injury, the CK MB transaminase activity in serum: kinetics of change with exercise
and effect of physical conditioning. J. Lab. Clin Med. 1968, 71, 847fractions were normal (not shown), and the subjects had 5 Olerud, J.E., Homer, L.D. and Carroll, H.W. Incidence of acute

no cardiac symptoms or history to suggest coronary exertional rhabdomyolysis. Serum myoglobin and enzyme levels
artery disease. as indicators of muscle injury. Arch. Intern. Med. 1976, 136, 692

Unfortunately, there is no single uniformly specific 6 Fowler, W.M. Jr, Chowdhury, S.R., Pearson, C.M., Gardner, G. and

routine serum chemistry test that is useful in distinguish- Bratton, R. Changes in serum enzyme levels after exercise in trained
and untrained subjects. J. Appl. Physiol. 1962, 17, 943

ing between muscle and liver damage. AST, ALT and 7 Hunter, J.B. and Critz, J.B. Effect of training on plasma enzyme

LDH are released by muscle as well as liver after injury, levels in man. J. Appl. Physiol. 1971, 31, 20

GGT is relatively specific for liver function, especially 8 Friden, J., Sfakianos, P.N. and Hargens, A.R. Blood indices of muscle

that associated with hepatotoxic drugs such as ethanol injury associated with eccentric muscle contractions. J. Orthop. Res.
1989, 7, 142or phenobarbital. Specific tests of serum myoglobin have 9 LaPorta, M.A., Linde, H.W., Bruce, D.L. and Fitzsimmons, E.J.

been reported as a reliable marker of muscle tissue Elevation ofcreatine phosphokinase in young men after recreational
damage' : however, assays for this are best done on exercise. J. Am. Med. Assoc. 1978, 239, 2685

unfrozen specimens and are not uniformly available. 10 Lijnen, P., Hespel, P., Fagard, R., Lysens, R., VandenEynde, E..
Thus, a uniform and convenient test to differentiate liver Goris, M. etal. Indicators of cell breakdown in plasma of men during

and after a marathon race. Int. J. Sports Med. 1988, 9. 108

dysfunction from muscle tissue abnormalities remains to 11 Olerud, J.E., Homer, L.D. and Carroll, H.W. Serum myoglobin levels
be developed. Additional prospective studies of the predicted from serum enzyme values. N. EngI. J. Med. 1975,293,483
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